Central motor pathways were investigated in three patients with congenital mirror movements using magnetic motor cortex stimulation. Response thresholds, amplitudes and latencies were normal. The projection of the corticomotoneuronal pathways was assessed by placing the coil over the vertex and comparing the size of responses in the first dorsal interosseous (FDI) muscles evoked by clockwise and anticlockwise coil currents. In normal subjects, right FDI responses are larger with clockwise currents than with anticlockwise currents at the same stimulation strength and vice versa. In two out of three patients with congenital mirror movements, this sensitivity of response amplitude to coil current direction was reversed. The third patient with congenital mirror movements and a fourth patient with acquired mirror movements had responses which were normally sensitive to current direction. These findings support the hypothesis that some cases of congenital mirror movements may be due to abnormal projection of corticomotoneuronal pathways.
Dysraphic defects at different levels within the central nervous system are thought to underlie congenital mirror movements associated with the syndrome of anosmia and hypophyseal dysfunction. 5 Neurophysiological evidence for abnormal ipsilateral corticomotoneuronal projections has recently been reported in brief abstract form in two patients with congenital mirror movements' and in one patient with mirror movements associated with Klippel-Feil syndrome7 using the technique of trans-cranial electrical motor cortex stimulation. This study on three patients with congenital mirrror movements reports that abnormal corticomotoneuronal projections can be demonstrated with the technique of magnetic motor cortex stimulation' in two of the three cases. However, the third patient with congenital mirror movements and a patient with acquired mirror movements as a result of internal capsular infarction had normally projecting corticomotoneuronal pathways. These findings have implications for the pathophysiological significance of nondecussated pyramidal pathways in congenital mirror movements.
Methods

PATIENTS AND SUBJECTS
Four patients with mirror movements were investigated. Three had had mirror movements since childhood. The fourth developed mirror movements one week following a left internal capsular infarction.
Case 1 A 52 year old right handed man had noticed mirror movements of his hands since childhood. He was moderately disabled in fine motor tasks of the hands. Pregnancy and early development were otherwise normal. On examination there were non-suppressible mirror movements on finger or wrist movements of either side. Simultaneous symmetrical flexion-extension movements of the wrists could be made normally, but the patient experienced considerable difficulty in producing simultaneous flexion ofone wrist and extension of the other. Sequential opposition of the thumb to each of the fingers was slow. No mirror movements were observed in the legs. Muscle strength, tone and reflexes in the upper and lower limbs were normal. The neck was of normal length and a cervical spine radiograph was normal. Sense of smell was normal.
Case 2 A 26 year old man, with a mild right sided hemiplegia since birth, had noticed involuntary movements of his left hand when moving with his right hand and, additionally, involuntary movements of his right hand when attempting to move only his left hand. On examination he had a right hemiparetic gait and a mild right hemiparesis with increased muscle tone and brisk reflexes on the right. Mirror movements of the left hand were observed when he attempted to move only the right hand and mirror movements of the right hand were seen when he attempted to move only the left hand. CT of the head showed hemi-atrophy of the left cerebral cortex. There was no abnormality of the neck and sense of smell was normal.
Case 3 A 38 year old right handed woman had been aware of mirror movements in her hands all her life. She was the second of identical twins. Pregnancy and development were otherwise normal. On examination there were nonsuppressible mirror movements of both hands, which were present with self initiated movements as well as with externally triggered (reaction time paradigm) movements. Fine finger movements were mildly impaired. She had considerable difficulty in producing alternating flexion-extension movements of one wrist and extension-flexion movements of the other. Muscle strength, tone and tendon reflexes were normal. There was no abnormality of the neck and sense of smell was normal.
Case 4 A 59 year old right handed hypertensive man suddenly developed a severe right hemiparesis. CT revealed a hyperdense lesion in the region of the left internal capsule compatible with cerebral haemorrhage. Three weeks later, after considerable functional recovery, he noticed that attempts to move his right hand resulted in associated mirror movements in the left hand; movements of his left hand, however, were not accompanied by movements of the right.
A fifth patient, aged 48, with a left hemiplegia as a result of embolic occlusion of the right middle cerebral artery was also studied.
Five male normal subjects (age range 27 to 31 years, mean 28 years) were studied. Ethical committee approval for these investigations had been obtained. RECORDING To avoid these confounding factors, the size of responses evoked by clockwise coil currents was compared with the size of responses evoked by anticlockwise currents at the same stimulation strength and in the same FDI muscle. In normal subjects, right FDI responses are larger with clockwise coil currents than anticlockwise coil currents at the same stimulation strength (within the range of stimulation strengths from threshold to 1 5 times threshold): for left FDI muscles, anticlockwise currents produce larger responses than clockwise currents. The implications of these normal findings with the corticomotoneuronal projections and the interpretation of reversed response patterns are raised in the discussion.
With the coil position carefully centred over the vertex, responses were recorded in FDI to explain the finding of bilateral responses in normal subjects when the coil is centred over the vertex.
Discussion
We have demonstrated that hand muscle responses evoked by magnetic motor cortex stimulation in two out of three patients with congenital mirror movements were preferentially elicited by using the opposite direction of coil current to that which produces the largest responses in normal subjects. This suggests * that either: 1) their primary motor cortices were different from normal and were more .-i sensitive to stimulation with coil currents in the opposite direction to normal (that is, clockwise coil currents stimulated the right cerebral hemisphere more effectively than the left hemisphere) or 2) the corticomotoneuronal component of the pyramidal pathways projected to spinal alpha motor neurons abnormally. We favour the latter hypothesis in view of our observation that moving the coil over the ipsilateral hemisphere in these cases often further increased the size of the response. In addition, given that the threshold, latency and size of responses evoked by magnetic stimulation were normal, a major abnormality in the architecture of the motor cortices seems un- Could the abnormal ipsilateral corticomotoneuronal projections as revealed in two out of our three patients explain the appearance of congenital mirror movements? In normal subjects making unilateral hand movements only the contralateral motor cortex is activated.4 15 A totally non-decussated (ipsilaterally projecting) corticomotoneuronal projection, by itself, could not therefore account for mirror movements. Assuming that motor cortex activation occurs normally, what is required is that activity in the motor neurons of one cerebral motor cortex reaches the alpha motor neurons on both sides of the spinal cord. This could be effected either by individual pyramidal axons branching to synapse directly with alpha motor neurons on both sides of the spinal cord or by a proportion of activated cortical motor neurons projecting ipsilaterally and a proportion projecting contralaterally. Farmer et al,7 on the basis of a narrow peak on cross-correlograms between motor units in the hand muscles of a patient with Klippel-Feil syndrome, showed that the spinal motor neurons subserving homologous hand muscles on each side receive synaptic input from a common neuron and they suggested that the common neuron was a cortical motor neuron with an abnormally branched axon.
The finding that one of our patients with congenital mirror movements had normal corticomotoneuronal pathways as assessed by magnetic motor cortex stimulation is important since it implies either that there is more than one pathophysiological cause of congenital mirror movements or that the abnormal corticomotoneuronal projections seen in the other patients is not the pathological cause of the mirror movements, merely an associated feature. That mirror movements are also seen with a variety of acquired disorders,' in whom there would be no reason to suspect an abnormal pyramidal pathway projection does suggest that an abnormal corticomotoneuronal projection is not a necessary requirement for the appearance of mirror movements. This is supported by the normal projection found in our patient with acquired mirror movements as a result of internal capsular infarction. Where the abnormality lies in these patients is uncertain.
Erratum
Throughout the text (and in the table) the word "anticlockwise" should be replaced by "clockwise" and vice versa. Previous published studies using the Novametric magnetic stimulator may also contain this error (see JNNP 1990;53:707).
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